The presence of potential vectors, ticks, and susceptible hosts of bovine malignant theileriosis in all parts of Iran pose a real threat to food animal industry. The present study was conducted to determine the infection rate of ticks collected from naturally occurring bovine theileriosis in West and North-West Iran. Two hundred and thirty seven cattle suspected of suffering from theileriosis were investigated for the presence of Theileria annulata in the blood smears and any tick species on their body. In this study, 402 ticks were obtained from 99 cattle. The examination of 402 ticks by polymerase chain reaction (PCR) using primers derived from the gene encoding heat shock protein70 (Hsp70) revealed that 39.9% of Hyalomma anatolicum anatolicum, 3.5% of H. asiaticum asiaticum, and 18.2% H. anatolicum excavatum, were infected with T. annulata. The results suggest that H. a. anatolicum may play a major role in transmission of T. annulata infection in Iran. Finally, digestion of the PCR products of T. annulata with two different restriction enzymes produced only a single pattern.
Introduction
The tick-borne diseases of livestock constitute a complex of several diseases with different etiological agents, such as protozoa, rickettsia, bacteria and viruses. The only common feature between these diseases is that they all can be transmitted by ticks. Theileriosis, a hemoprotozoan disease caused by Theileria annulata, belongs to this complex with a high morbidity and mortality thereby resulting in high economical losses worldwide (Mehlhorn and Schein 1985 , Mehlhorn et al. 1994 , Ahmed et al. 2002 .
Theileria annulata is transmitted from cattle to cattle by ticks of the genus Hyalomma (Robinson 1982, Gautam and Dhar 1983) . Several Hyalomma species have been implicated in the transmission of the parasite, namely H. detritum, H. anatolicum anatolicum, H. anatolicum excavatum and H. marginatum marginatum (Hoffman et al. 1971) . Theileriosis is the most economically important cattle disease in Iran causing major losses in livestock production. It is a serious constraint to the cattle breeding programs established to increase milk and meat production in the country. Most of the early pure-bred cattle introduced into Iran became infected with T. annulata and many of them died. The first cases were recorded in 1935 when the government imported 16 pure-bred cattle from France, 12 of which died. Investigations into the deaths of these imported animals indicated that they had contracted theileriosis on arrival and the species causing the mortality was T. annulata (Hashemi-Fesharki 1988 , 1998 . The study also showed that the distribution of the protozoan in Iran broadly coincided with the ixodid tick vectors representing Hyalomma spp. These ticks are the predominant species throughout the country.
Molecular technique such as PCR has been widely used in veterinary parasitology in recent years to identify several parasites including blood protozoa. Several studies documented that PCR is more specific and sensitive than conventional techniques in determining infectious agent carriers (Dumanli et al. 2005) .
The aim of this study was to determine the infection rates of tick species collected from naturally occurring bovine theileriosis in West and North-West Iran. Moreover, PCR-restric-*Corresponding author: mtavassoli2000@yahoo.com Molecular detection of Theileria annulata 9 tion fragment length polymorphism (RFLP) was used for identification of T. annulata strains.
Materials and methods

Area of study and animals
The study was conducted in two provinces (Kurdistan and West-Azerbaijan) in semi-arid area located in West and NorthWest Iran where tropical theileriosis is endemic. Ticks were collected from 99 cattle suspected of having bovine theileriosis during a period of 16 months from March 2005 to October 2006. In these areas, the cattle are reared traditionally characterized by extensive grazing on natural pastures.
Tick sampling
A total of 402 ticks were collected. All ticks were manually removed from cattle clinically suspected of being infected with theileriosis. In addition, a thin blood smear was taken for parasitology examination from each suspected cattle. The adults and nymph ticks were collected from cattle and kept in dry plastic tubes containing few fresh grass leaves covered by a lid containing several minute holes. Tubes were labeled and conditioned under room temperature for a few days, and then they were dispatched to the laboratory. The purpose of this procedure was to maintain ticks alive inside the tubes until the laboratory taxonomic identification. The ticks were identified by morphologic characteristics according to the standard taxonomic keys (Hoogstraal and Kaiser 1959, Estrada-Pena et al. 2004) and then transferred to 70% ethanol until further use.
DNA extraction from ticks
Ticks were processed individually as described by d 'Oliveira et al. (1997) with some modifications. Briefly, each tick was removed from the 70% ethanol; air dried on a filter paper and the scutum was removed with a microscalpel by cutting across the dorsal shield before removing the salivary glands. For each tick a new blade and heat-sterilized forceps were used. The salivary glands were placed in a 1.5 ml micro-centrifuge tube, 200 µl of phosphate-buffered saline (PBS) was added and the sample was boiled for 10 min on a hot plate. One percent of SDS was added to 150 µl of the boiled sample, which was then extracted once with phenol, pH 7.8, phenol:chloroform (1:1) and chloroform:isoamyl alcohol (24:1). Subsequently, DNA was ethanol-precipitated and resuspended in 25 µl of 10 mM Tris HCl, pH 7.5. Two microliters were used DNA template in each PCR reaction.
PCR amplification
For PCR amplification of the heat shock protein 70 (Hsp70 gene) spanning the 275 bp amplicon, forward and reverse primers 5'TGTCAAGGAGGCCTCAAATTA3' and 5'TTT GACTTTGAATAGGCTGCC3' were used as described by Shayan et al. (1998) and Schnittger et al. (2000) . Reaction mixture contained 12.5 µl of ready to use PCR master mix (containing dNTPs, Taq DNA Polymerase and MgCl 2 , Cinagen, PCR Master Kit, Iran), 2 µl of each primers (final concentration: 0.5 µM), 2 µl of template DNA extract (≈10 ng) and distilled water to a final volume of 25 µl.
The PCR amplification reactions were carried out using a programmable thermal cycler (Corbett Research, CP2-003, Australia). The reaction was incubated at 94°C for 4 min to denature genomic DNA and the thermal cycle reaction programmed was as follows: 36 cycles of 94°C for 45 s, 56°C for 45 s and 72°C for 45 s. The PCR reaction was ended by a final extension at 72°C for 5 min. Samples were held at 4°C pending further analysis.
Samples containing DNA of T. annulata kindly provided with Dr. Shayan, Faculty of Veterinary Medicine, Tehran, Iran were used as positive controls and distilled water used as negative controls in PCR amplification.
The amplified PCR products were separated by electrophoresis on 1.5% agarose/TBE gel and subsequently stained with 0.5 µg ethidium bromide final concentration, and visualized under UV light using a Transilluminator (BTS-20M, Japan). The 100 bp DNA ladder (Fermentas, Germany) was used as a size marker in all gels.
Restriction enzyme analysis
Restriction enzymes can be used to digest and generate DNA fragments allowing easy identification of the variants by agarose gel electrophoresis. After PCR amplification, the PCR products were digested for 16 h by 10 U of TaqI, and AluI restriction enzymes, and then analyzed by 2.0% agarose gel in 0.5 × TBE buffer for 1 h, followed by ethidium bromide staining. All enzymes were purchased from Fermentas, Germany.
Statistical analysis
The results were analyzed statistically using the Chi-square test. The statistical differences were considered at P<0.05.
Results
A total of 237 cattle suspected of suffering from theileriosis were investigated for the presence of T. annulata in the blood smears and any tick species on their body. In this study 402 ticks were collected from 99 cattle. (Table I) .
Detection of T. annulata in ticks by PCR
Primer set P1/P2 was used in the PCR performed on tick DNA samples taken from suspected cattle (Shayan et al. 1998 , Schnittger et al. 2000 . The 275 bp fragment was generated in all samples (Fig 1) . The examination of 402 ticks revealed that 39.91% of H. a. anatolicum, 3.5% of H. a. asiaticum and 18.18% H. a. excavatum were infected with T. annulata ( Table  I) . The results also indicated that out of 109 male and 94 female ticks of H. a. anatolicum 39 and 40 ticks were infected with T. annulata, respectively. The results also showed the infection in 3 and 4 male ticks out of four H. a. asiaticum and four H. a. excavatum, respectively (Table I) .
Finally, the 275 bp PCR amplicons were digested with two restriction enzymes for detecting variation in nucleotide sequences of the Hsp70 gene. The results indicated that TaqI only digested some of them and produced two different fragments of 100 and 175 bp and AluI affected all PCR products with 3 fragments of 60, 90 and 125 bp (Fig. 2) . Of 99 tick-infested cattle, 50 were positive for T. annulata both in the blood smear and in ticks, 43 were only positive for ticks and remaining 6 lacked any infection. 
Discussion
Cattle farming is an important component of agriculture in West and North-West Iran. Tick-borne diseases have a major impact on cattle farming affecting 80% of the world's cattle population (Jensen et al. 2008) . Tropical theileriosis caused by the protozoan parasite T. annulata transmitted by ixodid ticks of the genus Hyalomma seriously affects cattle (d 'Oliveira et al. 1997) . According to reports of Mazlum (1971) , Hashemi-Fesharki (1997) and Telmadarraiy et al. (2004) Although RFLP-based assays for the detection of bovine theileriosis have been published previously (Spitalska et al. 2004) , this method was used in the present study for the first time in Iran to identify different strains of T. annulata in the field-collected ticks. In our study, H. a. anatolicum, H. a. excavatum, H. a. asiaticum, H. detritum and Rh. annulatus, Dermacentor marginatus, H. punctata and Rh. bursa were identified from cattle, and all of them were examined by PCR. The infection rate was determined in all of Hyalomma spp. except H. detritum. The results showed that H. a. anatolicum is the major tick species of cattle in the West and North-West Iran (P<0.05). The prevalence of T. annulata infection was higher in H. a. anatolicum, than in H. a. excavatum and H. a. asiaticum as reported by Sangwan et al. (1989) and Aktas et al. (2004) (Bhattacharyulu et al. 1975, Samish and Pipano 1983) . In general, ticks found in the present study were the same as described previously in the region Telmadarraiy et al. (2004) . H. a. anatolicum showed the highest (50.5%) infestation rate, which is in agreement with findings of other authors (Aktas et al. 2004, Azizi and Yakhchali 2006) , pointing out that H. a. anatolicum is the most frequent tick species present in West and North-West Iran and in East Turkey.
As reported by Sangwan et al. (1989) , the prevalence of Theileria infection was not significantly different between female and male ticks, whereas Büscher and Tangus (1986) and Sayin et al. (2003) emphasized on the role of the tick sex in Theileria prevalence stating a higher intensity of Theileria infection in female ticks than in males.
In one study in Balochestan province (South-East Iran), 51% of H. a. excavatum and 1.3% of H. a. asiaticum were infected with sporozoites of T. annulata recorded from 510 tick salivary glands examined with methyl green/pyronin staining (Razmi et al. 2003) . However, our results indicated that H. a. anatolicum was the major tick vector of T. annulata in West and North-West Iran. The staining of tick salivary glands with methyl green/pyronin is considered to be useful tool for studying epidemiological aspect of Theileria vectors (Walker et al. 1979) . This method has shown that at least some of the parasites found in the salivary glands may be T. annulata, but it is well known that Hyalomma ticks transmit other parasites such as T. lestoquardi (Hashemi-Fesharki 1997) and Babesia equi (Schein et al. 1981) . In the other words, PCR is a more sensitive and specific molecular method for identifying T. annulata infection in tick vectors.
Restriction fragment length polymorphism (RFLP) is a technique in which organisms may be differentiated by analysis of patterns derived from cleavage of their DNA. The similarity of the patterns generated can be used to differentiate species (and even strains) from each another. Isolation of suf- ficient DNA for RFLP analysis is time-consuming and labor intensive. However, PCR can be used to amplify very small amounts of special DNA fragment, usually within 2-3 hours, to the levels required for RFLP analysis. Therefore, more samples can be analyzed in a shorter time. The PCR-RFLP results indicated that one strain of T. annulata exists in the study area, and there is a need for more investigation of virulence and distribution of different strains in other parts of the country.
In conclusion, from 402 different identified tick species removed from cattle at areas of naturally occurring bovine theileriosis in the West and North-West Iran, natural infection was identified in the H. a. anatolicum, H. a. asiaticum and H. a. excavatum. Among these tick species, H. a. anatolicum held the highest infection prevalence and virulence. Thus, it seemed that H. a. anatolicum may play a major role in the transmission of T. annulata in Iran.
